Magnetic properties were measured on sediments from Integrated Ocean Drilling Program Expedition 334 Sites U1378 and U1379. Rock magnetic parameters (i.e., saturation magnetization, M s ; saturation remanence, M rs ; coercivity, H c ; and coercivity of remanence, H cr ) do not show simple downcore trends, sediment columns exhibit sporadic occurrence of layers with high M s , and other rock magnetic parameters are different in these layers than in the rest of the sediment. Specifically, samples with high M s show reduced M rs /M s , indicating coarser magnetic grains in those samples. Thermomagnetic analyses suggest that low-Ti titanomagnetite is the main magnetic phase in samples with high M s , whereas other minerals contribute to the magnetic character of samples with low M s . The variable occurrence of multiple magnetic phases should be considered in future paleomagnetic studies using sediments from Sites U1378 and U1379.
Introduction
Integrated Ocean Drilling Program (IODP) Expedition 334 drilled slope sediments on the Costa Rica subduction zone to understand the seismogenic processes in an erosional subduction zone. Evidence for tectonic erosion in this area back to ~16 Ma has been reported (Vannucchi et al., 2001) . One of the primary goals of the expedition was to reveal the time evolution of tectonic erosion in this area, so dating of the sediment is of great importance. Although preliminary biostratigraphy and magnetostratigraphy suggest very high sedimentation rates (51.6-23.6 cm/ky for Site U1378 and 103.5-16.0 cm/ky for Site U1379; see the "Expedition 334 summary" chapter [Expedition 334 Scientists, 2012a] ), shipboard paleomagnetic measurements could not fully isolate primary remanence because of severe drilling-related overprint, and complete magnetostratigraphy awaits detailed demagnetization experiments.
not always follow the present-day chemical profile of pore water; past migration of the chemical reaction front could produce complex zonation in the diagenetic product (Rowan et al., 2009; Dewangan et al., 2013 ) that in turn results in complex smoothing of the paleomagnetic record (Rowan et al., 2009) . Sediments from Sites U1378 and U1379 contain pyrite, indicating sulfate reduction has also taken place in those sediments. To help constrain the impact of such processes on paleomagnetic recordings, I conducted rock magnetic measurements on sediment samples from Sites U1378 and U1379.
Samples and methods
Cube samples were taken aboard the R/V JOIDES Resolution from cores from Holes U1378B and U1379C. The cube samples used in this study were subjected to alternating field (AF) demagnetization either on ship or on shore. From each cube, ~0.5 g of sediment was sampled. Those samples were dried and gently powdered and then measured for magnetic hysteresis and thermomagnetic curves.
Hysteresis measurements were performed using a vibrating sample magnetometer (VSM, Princeton Measurements Inc.). Powder samples of ~0.1 g placed in gelatin capsules were measured. Major hysteresis loops were measured using a maximum field of 0.5 T, and I determined saturation magnetization (M s ), saturation remanence (M rs ), and coercivity (H c ) after correction for paramagnetic contribution. Coercivity of remanence (H cr ) was determined from backfield demagnetization of saturation magnetization. For selected samples, first-order reversal curves (FORCs) (Pike et al., 1999) were also measured. FORC data were analyzed using FORCinel software (Harrison and Feinberg, 2008) . Thermomagnetic analyses were conducted on initial magnetic susceptibility measurements using a Kappabridge KLY 4 (Agico). The temperature dependence of initial susceptibility, χ (T), was measured upon heating from -192°C to 15°C. Then the χ (T) curves were measured upon cycling from room temperature to 700°C in air.
Results and discussion
Downcore variations of hysteresis parameters are shown in Figure F1 . Hysteresis parameters for Site U1378 are shown in Table T1 and for Site U1379 in Table T2 . The variations of M s closely match that of magnetic susceptibility measured on ship (see the "Site U1378" and "Site U1379" chapters [Expedition 334 Scientists, 2012b , 2012c The interrelationships among hysteresis parameters were analyzed using Day plots (Day et al., 1977; Dunlop, 2002) , as shown in Figure F2 . Most samples plot in a pseudosingle-domain (PSD) region, except for Samples 334-U1379C-49X-3W, 132-134 cm, and 334-U1479C-50X-1W, 134-136 cm, which plot in a single-domain (SD) region. Samples exhibit departure from the theoretical mixing line between SD and coarse-grained, multidomain (MD) titanomagnetite, indicating the presence of superparamagnetic (SP) grains and/or multiple magnetic minerals with distinct coercivities (Tauxe et al., 1996; Dunlop, 2002) .
For Site U1378, the departure from the SD-MD mixing line of titanomagnetite observed in Day plots shows some correlation with depth ( Fig. F2A) , where samples from shallow depths tend to lie close to the SD-MD mixing line. There are exceptions; samples from above 100 meters below seafloor (mbsf) depart from the mixing line, and some samples from 300-400 mbsf plot near to the mixing line. M s values more closely correlate with the departure from the SD-MD mixing line, where high M s samples plot close to the mixing line (Fig. F2C) . The same is true for Site U1379 (Figs. F2B, F2C ). For Site U1379, samples from the uppermost 100 m plot toward the coarse end of the PSD region. The dominant control of M s on the Day plot parameters (M rs /M s and H cr /H c ) is clearly seen by plotting these parameters against M s (Fig. F3) . For both sites, M rs /M s is systematically low for samples with M s > 0.05 Am 2 /kg, whereas H cr / H c is not clearly related to M s , resulting in a departure from the SD-MD mixing line in low M s samples.
FORC measurements were conducted on samples from Site U1379 only and are shown in FORC diagrams (Roberts et al., 2000) (Fig. F4) . The horizontal axis of a FORC diagram (H c ) represents coercivity, and the vertical axis (H u ) reflects magnetostatic interactions (e.g., Muxworthy and Williams, 2005) . Some samples show FORC distributions with low H c peak and spread along H u , whereas others show broad H c distribution extended to high coercivity with smaller spread in H u . Although sample numbers are limited, the latter seems to correspond to samples that plot toward the finer (SD) side in Day plots.
Thermomagnetic experiments were conducted for two samples, 334-U1379C-13H-4W, 34-36 cm, and 334-U1379C-57X-5W, 111-113 cm (Fig. F5) . These samples show M s values of 8.67 mAm 2 /kg and 151 mAm 2 /kg, respectively. These samples were chosen to represent low M s and high M s samples, respectively. Sample 334-U1379C-13H-4W, 34-36 cm (low M s ), exhibits an increase in χ upon heating from 375°C followed by a decrease to zero at ~580°C. The cooling curve is more elevated than the heating curve. Sample 334-U1379C-57X-5W, 111-113 cm (high M s ), shows an increase in χ upon heating at around -160°C to -150°C, indicating the presence of the Verwey transition of low-Ti titanomagnetite (Verwey, 1939) . The heating curve of the sample suggests the presence of the magnetic phase with a Curie temperature of ~580°C, also indicating the presence of magnetite. The cooling curve is more elevated than the heating curve, but the change is smaller than that in the other sample.
The thermomagnetic curves of the high M s sample and the hysteresis parameters lying on the SD-MD mixing line suggest that the main magnetic phase in samples with high M s is low-Ti titanomagnetite. The magnetic phases in samples with low M s are not clearly resolved, but the departure of hysteresis parameters from the SD-MD mixing line and the absence of the Verwey transition indicate that they contain magnetic minerals other than low-Ti titanomagnetite. Identification of magnetic minerals in the low M s samples will be crucial for future paleomagnetic studies. Figure F1 . Depth variation of rock magnetic parameters, Holes U1378B and U1379C. M s = saturation magnetization, M rs = saturation remanence, H c = coercivity, H cr = coercivity of remanence. Sample 334-U1379C-6H-4W, 99-101 cm, was out of the plot range. Figure F5 . Thermomagnetic analysis, Hole U1379C. A, B. Temperature dependence of magnetic susceptibility, χ. Data are normalized by room temperature susceptibility before treatment (χ 0 ). Green circles = heating from -92°C, red circles = heating to 700°C, blue circles = cooling from 700°C. C. Day plot of samples used in thermomagnetic analysis. Letters = corresponding thermomagnetic curves. 
